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V CO-LIGNE AG 

■Y:.'" 8008 Zurich 



|fB IipnqltMdinal Implant . 



This i'4H.fen€lon ' relates to a longitudinal implant and connecting 
devitS^^l^erein said longitudinal implant is* fastened to bones on 
eithj^^^side. of a damaged area through said connecting device. 

10 In ^tffn^.fspinal repair* situations, the .damaged area of the spine 
?Pf?^®d'by a slotted plate through which pedicle screws are 
inser'^^ and fastened to the pedicle bones on either side of a 
damag,^ atea . This fixes; the spatial distance between the pedi- 
cle-.^^^e^s anB therefore fixes the distance between vertebrae so 
15 thaV*'^-^ . damaged area "of the, spine • can be repaired. In other 
spinl^fXy^ituations , the damaged area of the - spine is spanned by a 
J^od«,g{^^^east two- conhectors are slidable along the rod connect- 
•^'^^ Ij^^^f sotews or hooks to the rod. Such a rod and fixation 
syst^^^s disclosed in.EE^ 0" 923- 908A (Robert Lange) . 

• ■i-y'-l 



Spin^|^^,;it.epair- is often, times accomplished with hollow cages in 
^^i-^'^'^^i^e fragments are inserted that will grow to an extent to 
.fuseV.i^'^ upper and loweri vertebrae together at the damaged area. 
By' ^oMpag and holding. -the distance between these vertebrae, the 
25 bone'! ,|n>; the .cages will . have time tp grow and join the vertebrae 
tdge-t^^lr." . . ' • • ' 



-It .is^vf^ objective of this invention to provide an elongated im- 
p-la^ttV^d pedi.cle screw or hook fixation system providing an in- 
30 creas'4§; stability, • \ ■ \ 



The:, i'n^^ant of the devisee acco.rding to this invention is com- 
pris"^"- of . a . filament composite material and said pedicle screws 



10 



or ho!^'4v axe . made of " a mateirial hardsr than said implant. The 
impla'fij|§pr6yides a surface that has more friction than a tita-. 
nium-^|lant. I£ the ' implant is a plate having a longitudinal 
slot/'.-ife £Slate is placed between a nut and an upper surface of 
a pedi?i'^ screw. The plate can be squeezed and locked into posi- 
tibn^'-i^^ause the squeezing and; the Increased friction between 
tita^'k^fe- an d " th e filament compdsite _material^ When all memb ers 
are '^fi§|hium, the- required position is not always available and 
indeH€&.ons are often provided along the slot. 



Fixatit^^. systems manufa'ctured from metals such as titanium alloy 
and ::j34^i^less steel confound postoperative radiologic assess- 
merit^J.-M^cause they are • radiopac and can produce artefact. • The 
use ;':4)"l&n .ixtiplanti comprised* of a fiber reinforced polymer com- 
15 pQsit^'Vpermits; better ^diagnostic assessment of soft tissue and 
bon^-'J^anormal radiographic methods. 



AcGOif^ffeg' to a preferred, embodiment of the invention^ the fibers 
are-" ai^lgned . lengthwiae^ • SO that compression will not change 
20 th.eir.'^^.^trength * characteristics to any extent even when com- 
pres^s^": - Preferably the fibers or filaments are oriented to re- 
sist''"]51^mechanical f of cesv 

0'th^;£jSSv'antages and V features _ of ' the present invention will be 
25 appi^a^toil to those skilled in this art reaching the following 
speoiijklj^ation with reference to the accompanying drawings in 
whicAiSJ'- 

FiaV'*"^V** . is a view of an embodiment of an implant of this 

" 'Av^:'. : : • invention) 
30 Fi'^'x/'^>'^*.! • is a section* along line I-I of Figure 1; 

E*ig; is a section through an embodiment of the implant 
irV; • with a different curvature; 



.^^ 

• * • r ... . 



Fi$.'4'*S" • shows 'the implant according to Figure 3 connect- 

■ ■ ing two pedicle screws; 

Mi -a sch6taatic view of a material block with Hori- 

zontal fiber and an implant machined from this 



' -'jllf^. • • block;" 



Fig . -a schematic view of a material block with a cur- 

* vaturq fiber orientation and an implant machined 
from this., block; 

10 Fig.' 'TI'V a side view of a connecting device of this inven- 

'tion; * 



• •I'V-.V"*;. 



Flq. ';^,P : ' • a " partial section through the connecting device; 

Pig»«V-^'f>. a side view, of ah implant testing configuration; 

Fig"*: :■ island 11 overall - views, showing rods or rails connecting 

15 .■••vVv'" "two vertebrae of a spinal cord;. 

PigV i|iz^- a perspective view of another embodiment of an 

^ .••'^r?:^! . -.impant of thie invention and 

Fig,.."g^: ■ ,a .section along line XIII-XlII of figure 12. 



20 Pig^'jf4-:.i% and 2 disclose a plate 1 having a longitudinal slot 2 
est.terid.liig along a aub^antial portion of its length. The plate 
has;;k^^liirvatare' of about 10* as shown in Figure 2. Figure 3 dis- 
ciosk^V.^ plate 1' whibh'.bas a curvature of 20°. 



26 Th€i"?$?^^©s 1 and 1' as- well rods 30 and rails 17 are manufac- 
ture??'#rom- a composite material composed of long filaments or 
f ib*^^:"^'i8 and 19 encapsulated ' in a matrix 4 as shown in Figure 
1 3. !'-3%^- filaments or .fibers 18. and 19 are preferably long carbon 
filgiitS'^S and the m^itrix- is. preferably . a polymer. Preferably the 

30 cai^b'qlv;! filaments or fibers 18 and 19 are encapsulated in the 
poi^ri^i^/ polyether-ketoneetherketoneketone (PEKEKK) . PEKEKK is a 
IchcaW^' -^biocompatible polymer. Another possible polymer is poly- 
ethfc^^herketdne (PEEK) PEKEKK is preferred to PEEK because of 

• . •• 
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its gr&^ter physical " aijid . chemical resistance properties. These" 
characjgj'riigtics" impart greater stability to the plates 1 and l» 
rods. -i^Oi^ -and rails 17. or other conncecting parts during a long- 
term i;jg^l"afitation. ' 



•. '.;?■ ■' 



Figur^^C'4v -.7 and .8 disclose a pedical plate fixation systems 5 
and • S";'^| eomp rising . a piate l' , two bo^e screws jb and twq^ nuts 
The -'.iclr'^s -S- and. the nuts. 7. are manufactured from steel or medi- 
cal grrjlpe • titanium alloy. Bone screws 6. are common in the ortho- 
10 pedic j^its. The. screws- 6 -are provided with bone engaging threads 
6a a^jjj/|:t its other' end a screw segment 6b with a conventional 
thre'si<^%;The" thread 6a flairs outwardly to an enlarged portion 
^9v!^Sv®^^lar.ged .portions 6c having a" width greater than the 
wi«i^^?j=Jf /the 'slope .2« The s.crew segment 6b extending outwardly 
15 from;:^^^" eriiarged portion 6c and extending through the slot 2. 

receivaci Oy- the screw segment 6b, whereby the plate 
'^' ■^^S^^ grasped betvfeen the eriiarged portion 6c and the nut 7 
to tl^^ly. secure the plat© '1 by threading the nut 7 toward the 
enl^^^^. portion 6c. 



The.;.;^|^ddiment according ■ to' Figure 7 is provided with slip wash- 
^^®5"2|5j|-.2.1,-and 22 having a planar surface 20a, 21a, 22a and a 
cbnp,j|||. or - convex surface 20b,. 21b, 22b. The planar surfaces 20a 
and\i;:^|^:;are touching the plate X' are- preferably provided with 
25 rip^^; :)^ot. shown) ,• which are depressed in the plate 1' and which 
preve^'^;. the. screw. 6 from moving along the slot 2. 



^ composition material of the plate 1 is 

so£f.e0^hasi titanium -and at its surface is somewhat rougher than 
^ '*^.-^^?|r^^ the" plate 1 can be squeezed between the en- 

laf^^portion 6c and- the nut. 7 . This prevents the screws 6 from 
"^^^f^^Q'-^^ slot-..2 -both depression caused by the squeez- 
ing;': ai^tj."- the enhanced friction there between. 
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The ;fi|^ment&' 3. encapsulated .in the polymer matrix 4 are ori- 
entei-agif shown in figures 7 and 8, The plate 1 is machined from 
a block--'8 txaving . a curvature- fiber orientation as indicated in 
5 Figuj?k''%i>. The curvature of the fiber lay-up is the same as the 
eurvat^^: of the. plate 1 or. .plate 2. The filaments 3 in the ma- 
trix' "4V^re = therefore aliped; lengthwise of the slou 2. The Fig- 
ur^ '^•;^ows a" block 8' with ' a parallel curvature lay-up and the 
in th^.JIplate !• '...machined from this block 8' the filaments do 
10 not fd'ipow the • curvature ' o£ " the plate 1" and are shorter. With 
the.'ti^'Hting conf iguratibn IQ. disclosed in Figure 9, tests were 
condJ4at.e<i .using .the ASTM provisional standard for spinal im- 
plants^*'?' This raechanicai. testing has shown that the strength of 
the --"^l;^e .1 and 1' ' is.' .similar to plates made from stainless 
15 st6er4#«'d titanium. Th6 goal of • stabilization has not been sac- 
rifi^^i^r-'As "material of ' the plates- 1 and 1' is radiolucent, the 
plate^!^|io not interfere; .with' diagnostic methods. 



As' already mentioned^ -.the implant according to this invention 
can a.:^|id be a rod 12 as disclosed in F.igu'res 10 and 11 or a rail . 
accor<3l:ng ^to* Fig. 12 and -. 13. Two connectors 13 include two 
ciattip£ijf(^ rrt'embters 14 cohnecting pedicle screws 15 to said rods 
l2.,\T]|#; rods IS and rails are made from the same material as the 
plat^'0^3. and . and- t'h^. filaments encapsulated in the matrix are 
25 preSteSbly oriented .in axial direction, .A rail 17 with a rectan- 
gulWrJ^oss section ais shown in Fig. 12 and 13 is more stable to 
rotact^'on than a rod*- 

Aa6^Lh^%-' advantage of', implants manufactured from a carbon f ila- 

30 ment"V|Bmposite material . is that its strength, flexibility and 

har<|fi|5^s can .be • varied ' by ' changing the ratio of filaments to 

pla^;pi^\ Xf .has been ", fpund, that "bone growth" is enhanced when 

it *isf;.;?under a certain degree ' of physiological stress- Thus, it 
. I . / . . • 
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will b^'^' deslrable to . select .a composite ratio for the plate to 
gain - td^js.- required degree of stiffness without sacrifying any 
St r 613^3^; The. ratio of fiiaments to plastic is preferably higher 
than JSiW. (weight) and more preferably higheir than 60% (weight) . 

Thft '^j^^&nts. of fibers are not randomly*, embedded, but oriented 
in iai^|s A as. ahovm in- Pig. A. The layers A can fie parallel Lo 
"Bacb'_^$|pr''¥^ shown in Fig. 13. The layers A 

may •b4'''.aaade up. of woven filaments 18 and- 19. The filaments 18 
afe.'d:^^hted in the axial direction of the longitudinal implant 

• • • • * • 

I'h 'l^d 30* The • filaments. 19 are oriented perpendicular to the 
axiai ..^ajirection'. The filaments 18 and 19 .are oriented to resist 
the -lil^i^aech^ example bending force as shown 

in *Pi^^;/:9/ The filamejits . can also be coiled to resist torsion 
force'^/'*'.The distaftce D, between .two . layers A is preferably less 
th.an;.0^;g3 inm and preferably about Q.l mm. 



. • Claims 



1. :/'v.Si.ongitudinal Wiant and connecting device wherein said 
loi?g±ti^nal implant is' fastened to bdnes on either side of a 
daraW^iSare^: through .. that connecting device, said Implant is 
compiiiid of a filament or • fiber composite iiiaLBri^l and oaid 
ooxim^. divide • is made of a material harder than said longi- 
tudiftM^tyimplant . 
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2.,..'.?;.iiiconnecting device' according to claim 1, wherein the lon- 
gitum^Si* irt«>lant is made" o^ a carbon filament composite mate- 
rial.. . • . • . . 

3. ^-tJlcorinectlng device according to claim 1 or 2. wherein the 
filafli^ls are encapsulated in a polymer matrix. 

4 . Jflcorinecting device according to claim 3, wherein the fila- 
m4n^i'|$> encapsulate^ in PEEK or PEKEKK. 

5.. T::V|feonnedting device according to any of claims 1 to 4, 
wher'^^n * the filament's are oriented, 

6. :/:'^:?ConnecUng device according to claim l, wherein the im- 
plai^tl^g^ing- an "elongated plate having a.' longitudinal slot ex- 
tent^i'^d' along, a. substantial portion of its length. 

7. ••.'••vt.Cbnnecting device according to claim 6, wherein the con- 
tteciei^l' device coiapr'ising a pedicle screw having an upper sec- 
tjl,on"h|ving a. width greater than the width of said slot and ex- 
teritj^|y threaded portibn extending outwardly from said section 
€inds;e5t|'eftdijng through said slot:. 



8... ; • »picbimecting device according to claim 7, wherein an inte- 
riora'ljiy threaded nut is received by the outer end of said 
threaded portion whereby said plate can be grasped between said 
upper. -.Section- and said nut to tightly secure said plate by 
thread'asng said upper section.. 



"9. • :;'-.;Connecting device according to claim 1, wherein said im- 
plant i 9 • a rod or a rail . 

'^Jp^^^^^^^^^^ device according to claim 1, wherein said con- 
nectfng:;. device comprising a screw and a nut which are made of 
titaniiW- 

11. ■-. "i-'Connecting device according to claim 1, wherein said im- 
plont fts a rail (17) havi ng a rectangular cross section. 
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12,. Connecting device according to any one of claims 1 to 11, 
whe27e:iifel.the filaments are woven/ 



res', . 



abstraafc 



The ioilfiitudirLai implant is fastened, to bones on either side of 
a damafiel area through" a connecting device. Said implant is com- 
pris^^i|ti a' fil^ent or fib^r composite material and said con- 
nectiq&evice is ifiade of a material' harder than said louylLudi- 

The ipi^^itudihal implant is preferably made of a carbon filament 
compcrslle material, vJhexecLn- the filaments are encapsulated in a 

• \. . . ' / . ' 

. . ' (Fig- Xr 2) ^ 
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